The land in the 20 ha study area is predominantly used for annual crop production, mainly cereals, pulses, and oilseeds. Three separate sites for VFS and annual crop (i.e. "crop") strip pairs were located upstream of water bodies (i.e. ponds or an ephemeral stream) ( Figure S2 ).
Elevation in the study area ranges from a high of about 297 m in the west-central part of the study area to a low of about 294 m in the south-east corner ( Figure S3 ). The land is gently sloping towards the south and east with an average gradient of about 0.25%. The topography is mainly level to nearly level (0 -2% slope) with some very gently sloping areas (2 -5% slope).
Some strongly sloping areas (above 10% slope) are found adjacent to waterways on streambanks but do not account for a substantial portion of the study area ( Figure S4 ).
The study area is located in the Winkler Ecodistrict of the Lake Manitoba Plain Ecoregion within the Prairie Ecozone. Data from an on-site weather station over a 30 year period (1981 to 2010) were used to summarize the climate. The mean annual temperature is 4.0°C. Daily average temperature ranges from 20.0°C in July to -14.6°C in January. Mean annual precipitation for the area is 540.8 mm, consisting on average of 426.5 mm of rain and 116 cm of snow. Monthly averages for precipitation range from 19 mm in January and February to 93 mm in June (Table S1 ). Snow typically begins to accumulate in November with snowmelt commonly occurring during March and April.
The soil series found within the study area include Hochfeld, Edenburg, Eigenhof, Rosengart, Rignold, Graysville, Neuenberg, and Chortitz series ( Figure S5 ) (Smith et al., 1973) .
The soils in the VFS sites (B1, B2, and B3) are dominated by Hochfeld, Chortitz, Graysville, and Neuenberg soil series developed on moderately to strongly calcareous, loamy (very fine sandy loam, silty loam, or loam) fluvial and lacustrine sediments grading to moderately calcareous, sandy sediments. Site B2 had topsoil excavated prior to construction, exposing coarse subsoil material. The mean soil Olsen P at 0-6" depth from samples collected between May 2016 and May 2017 in the filter strip sites was 17.0 mg/kg. 
Vegetated filter and crop strip establishment and management
Each site (B1, B2, and B3) includes a treatment pair, consisting of the crop strip (C1, C2, and C3), seeded annually to an annual crop, and the perennial VFS (VFS1, VFS2, and VFS3).
Site B1 was located in a natural swale that collected and concentrated flow from the adjacent field ( Figure S6a ). The other VFS sites were established as part of a larger initiative that included the construction of two retention ponds and drainage channel enhancements in October of 2014.
This included the construction of a retention pond with a deepened drainage channel where site B2 was established ( Figure S6b ). Another retention pond was constructed to receive the runoff from sites B1 and B2 and also act as source water during overflow and releases to site B3 ( Figure   S6c ). The swales and drainage channels were all bare soil in the spring of 2015 prior to VFS establishment.
All plots were 20 m in length parallel to the flow direction with the crop strip plots located immediately upstream of the VFS plots ( Figure S7 ). The VFS were seeded to a mixture of grass and forbs in the spring of 2015 using a Great Plains drill ( Figure S8 ). At the time of VFS seeding, moisture conditions were adequate for establishment ( Figure S9 ). Despite the dry growing season of 2015, the VFS plot vegetation became reasonably well established by late July (Figures S10, S11, and S12).
The VFS plots were harvested in the summer of 2016 by cutting at a height of 15 cm with subsequent baling and removal from the plots. The mean harvestable biomass (amount of vegetation above 15cm in height) in the VFS plots in July 2016 was 1,720 kg ha -1 . The harvestable biomass varied between sites with means of 1,670 kg ha -1 , 1,063 kg ha -1 , and 2,252 kg ha -1 for VFS1, VFS2 and VFS3 respectively ( Figure S13 ).
The crop strip plots were seeded annually in the spring to the same crop as the adjacent field using the same Great Plains drill that was used for seeding the VFS plots. In 2016, plots C1 and C2 were seeded to canola, while plot C3 was soybean. In 2017 all crop strip plots were seeded to spring wheat. The crop strip plots were managed identically to the adjacent cropped field (i.e. uniform field management). They were fertilized at the same rate (broadcast and incorporated in the fall), seeded to the same crop, harvested at the same time (mid to late August for this study) and received the same operations for pest management and tillage (cultivation and harrow operations in the fall after harvest and in the spring once the fields are dry, typically in early May). Sites B1 and B2 flow into Pond 2 while B3 flows into an intermittent stream at the south end of the study area. To facilitate the measurement of runoff and the collection of water samples, weirs were constructed at the inflow and outflow of each treatment in the fall of 2015, unless the location was equipped with a pipe inlet or outlet as part of the retention ponds ( Figure S15 and S16). Sites with pipe inlets or outlets included outflow from B1 and B3 and inflow to B2 and B3.
Overflow and release water from retention ponds was directed through small berms equipped with inline water control structures (AgriDrain Corporation, Adair, IA, USA) into sites B2 and B3. The inline water control structures are equipped with logs to control water levels in the upstream retention ponds and can be removed to facilitate the release of water into the downstream treatment sites ( Figure S16 and S17). The crop strip inflow (CI) sites include C1I, C2I, and C3I monitoring locations ( Figure S18 , Table S2 ). The crop strip outflow points also serve as the VFS or filter inflow (BI) sites and include B1I, B2I, and B3I monitoring locations. The outflow from the VFS, or filter outflow (BO) sites include B1O, B2O, and B3O monitoring locations. All nine monitoring locations were equipped with level loggers (Odyssey Capacitance Water Level Logger, Christchurch, NZ)
to record continuous water levels every 15 minutes. The free flowing monitoring locations (i.e.
those not downstream of a retention pond), including C1I, B1I, and B1O, were equipped with automated samplers (Hach Sigma 900 Portable Sampler, Loveland, CO, USA) set to collect 1L water samples every 6 hours. Automated water samples were augmented by grab samples taken frequently at all sites during all runoff events, multiple times per day, wherever possible during longer duration runoff events that lasted more than a few hours. Grab samples were especially critical during snowmelt when automated samplers were not deployed due to the risk of freezing.
Water samples were collected during four types of runoff events: two natural and two artificial.
Natural runoff events were those derived from either snowmelt or rainfall. To gather additional data, "artificial events" were induced during dry periods (fall 2015, spring 2016, and fall 2016) by pumping water from a nearby irrigation reservoir directly into C1I and into the retention pond upstream of C2I. A final type of event, termed "pond outflow", occurred when there was sufficient natural runoff water in either of the two retention ponds that produced overflow into C2I or C3I. All events for this study are summarized in Table S3 . Figure S18 . Water level and sample collection sites
